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1. Forward 

The polarization dependence of backscatter is important in the design of radars. 

Studying this dependence can provide information about targets that is unobtainable with 

conventional radars. The University of Massachusetts Microwave Remote Sensing Labora- 

tory has developed two high power millimeter-wave polarimetric radars, or polarimeters. 

These instruments, operating at 95 GHz and 225 GHz, were used to measure the polari- 

metric scattering properties of natural surfaces. 
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3. Body of Report 

A. STATEMENT OF PROBLEM 

There have been relatively few polarimetric backscatter studies performed at millime- 

ter wavelengths. The University of Massachusetts has developed two radars, operating at 

95 GHz and 225 GHz, to measure the polarimetric behavior of natural surfaces. Measure- 

ments taken with these polarimeters began in the summer of 1989, at 225 GHz. Within 

the next year we will have high power polarimeters operating at 35, 95 and 225 GHz. The 

results of measurements made to date are presented below. 

B. RESULTS 

Specifications of the 225 GHz polarimeter are shown in Table 1. This radar uses a 

noncoherent technique whereby the Mueller matrix of a target is measured by transmitting 

four or six polarizations sequentially. A comprehensive set of such measurements of trees 

was made, the results of which are detailed in [1] and [2]. Here we will summarize them. 

Eight species of trees were analyzed. Polarization signatures for Weeping Willow and 

White Pine trees are shown in Figures 1 and 2. 



The 95 GHz polarimeter uses the coherent measurement technique to measure a tar- 

get's polarimetric scattering matrix. This is then converted to a Mueller matrix for aver- 

aging. Specifications of this radar are shown in Table 2. Polarization signatures for White 

Pine and Weeping Willow are shown in Figures 3 and 4. 

CO-POLRRIZED 

Figure 1 

Co-Polarized Signature for White Pine at 225 GHz 

CO-POLRRIZED 

Figure 2 

Co-Polarized Signature for Weeping Willow at 225 GHz 
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Figure 3 

Co-Polarized Signature for 

White Pine at 95 GHz 

Figure 4 

Co-Polarized Signature for 
Weeping Willow at 95 GHz 
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Figure 5 

Co-Polarized Signature of Snow 

at 95 GHz (65° Incidence) 
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Figure 6 

Co-Polarized Signature of Snow 

at 225 GHz (75° Incidence) 
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Both radars were used to measure snow during the winter of 1990-91. The experiment 

consisted of mounting the instruments on a gantry on the edge of a building overlooking 

a snow field. Independent samples were obtained by moving the radars horizontally along 

the gantry while acquiring data. In-situ data were also obtained. Polarization signatures 

for snow at 95 and 225 GHz are shown in Figures 5 and 6. Measurements will continue for 

the winter 1991-92. 

The depolarization ratio \ > is denned as 

A   °>H T <THy 

<rvv -r- <rHH 

where oy, are the 4 co- and cross-pol backscatter coefficients. \ is a convenient pa- 

rameter to compare among different tree types and snow conditions. A model has been 

developed that greatly simplifies the Mueller matrix by using \ &s the single parameter 

[2]. The degree of polarization is described by 

•«linear — 

for linear polarizations, and 

1 + X 

P     J1-3XI 
ep~   1 + X 

for circular polarizations. A comparison of this model and data is shown in Figures 7 and 

8. 
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Figure 7 

Degree of polarization versus depolarization ratio, linear polarization 
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Figure 8 

Degree of polarization versus depolarization ratio, circular polarization 
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